Spiking local interneurons as primary integrators of mechanosensory information in the locust.
A population of spiking local interneurons in the metathoracic ganglion of the locust is vigorously excited by particular sensory stimuli from the hindlegs and participates in local postural reflexes. We examined the inputs from singly innervated mechanoreceptors (hairs and campaniform sensilla) to these spiking local interneurons, to nonspiking local interneurons, and to motor neurons that are also elements of local reflex pathways. Recordings were made intracellularly from the interneurons and motor neurons and extracellularly from afferent fibers. The physiological evidence is consistent with the spiking local interneurons being excited by direct, chemically mediated synaptic inputs from the afferents. Each afferent spike is followed at a constant latency by an excitatory postsynaptic potential (EPSP) in a spiking local interneuron, even at instantaneous frequencies as high as 300 Hz. The estimated synaptic delay is 1.5 ms, similar to that measured at other presumed monosynaptic connections within the same ganglion. Cobalt stains of individual interneurons, and of the central projections of afferent fibers show that both branch within the same ventral region of neuropil. Afferents from several hairs and campaniform sensilla converge on an individual spiking local interneuron. One interneuron is shown to receive inputs from at least seven hairs and four campaniform sensilla, but these represent only a tiny fraction of the total number of such sensilla on a hindleg. Practical limitations to the number of sensilla that can be tested for each interneuron means that the degree of convergence is likely to be considerably underestimated. We found no evidence that nonspiking local interneurons or motor neurons receive direct inputs from the afferents tested. Neurons of both types are, however, affected by stimulation of individual hairs, and the resulting pattern of postsynaptic potentials (PSPs) is similar to the pattern of spikes evoked in the spiking local interneurons. We infer from the evidence presented here and elsewhere (10, 11) that the spiking local interneurons are involved in at least two types of pathways for local interactions: 1) sensory neuron-spiking local interneuron-motor neuron, and 2) sensory neuron-spiking local interneuron-nonspiking local interneuron-motor neuron. We conclude that the spiking local interneurons are major elements in the primary integration of inputs from external receptors on the hindlegs.